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Abstract. Searches for the intermediate boson, W ± , the heavy quantum of the Weak 
Interaction, via its semi-leptonic decay, W —> e+v, in the 1970's instead discovered unexpectedly 
large hadron production at high pt, notably 7r°, which provided a huge background of e ± from 
internal and external conversions. Methods developed at the CERN ISR which led to the 
discovery of direct-single-e^ in 1974, later determined to be from the semi-leptonic decay of 
charm which had not yet been discovered, were used by PHENIX at RHIC to make precision 
measurements of heavy quark production in p-p and Au+Au collisions, leading to the puzzle 
of apparent equal suppression of light and heavy quarks in the QGP. If the Higgs mechanism 
gives mass to gauge bosons but not to fermions, then a proposal that all 6 quarks are nearly 
massless in a QGP, which would resolve the puzzle, can not be excluded. This proposal can be 
tested with future measurements of heavy quark correlations in A+A collisions 



1. Introduction 

In September 1991 the PHENIX experiment was born from the rejection of the Dimuon, Oasis 
and TALES/Sparhc Letters of Intent (Lol) which were combined into a new collaboration 
to build "a detector designed to study electrons and photons emerging from the QGP." 
Any collaborators "primarily interested in hadron physics will be welcomed by the STAR 
collaboration which has been empowered to build a large TPC detector" [I]. 

2. PHENIX is not your father's solenoid collider detector 

The central spectrometer of PHENIX was designed to trigger on J/$ -)> e + e~ at rest, i.e. 

^ at mid-rapidity, based on experience from the CERN ISR as proposed in the TALES [2J 
and later TALES/SPARHC [3] Lol. The CCRS experiment at the CERN ISR had discovered 
direct-single e ± in 1974 [4J at a level of 10 -4 of charged pion production at all 5 cm. energies 
measured (Fig. [l]). The same methods — i) > 10 5 charged hadron rejection; ii) minimum of 
material in the aperture to avoid external conversions; iii) zero magnetic eld on the axis to 
avoid de-correlating conversion pairs; iv) precision measurement of tt° and 77, the predominant 
background source; v) precision background determination in the direct-single-e^ signal channel 
by adding external converter — were used in design of the highly non-conventional PHENIX 
mid-rapidity spectrometer, as I discussed in a previous winter workshop [6J. 
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Figure 1. Invariant cross sections at mid-rapidity for 5 values of y/s in p-p collisions at the 
CERN-ISR: (e+ + e")/2 (points); 10~ 4 x (tt+ + 7r")/2 (lines) [5] 




PHENIX TODAY 





Figure 2. PHENIX on cover of Physics 
Today, October 2003. 



The key detector elements in achieving these 
goals were a fine grained Electromagnetic 
Calorimeter and a Ring Imaging Cerenkov 
counter for use in achieving the charged 
hadron rejection and providing an electron 
trigger at level 1; and an axial field Helmholtz 
coil spectrometer magnet, rather than the 
typical solenoid detector generally used at 
colliders, with two sets of coils which could 
be run with opposite currents to achieve 
zero field on the axis. It is no surprise 
that PHENIX made the cover of Physics 
Today instead of the more conventional 
STAR detector because PHENIX is a special 
purpose detector. In fact when Jack 
Steinberger came to visit BNL and I was 
showing and explaining PHENIX to him, he 
frowned more than usual and said, "Mike, is 
there a 'real collider detector' at RHIC?" So 
I took him to STAR for a minute and he was 
happy. 



3. A charming surprise 

We designed PHENIX specifically to be able to detect charm particles via direct-single e ± since 
this went along naturally with J/ty — >> e + + e~ detection and since the single particle reaction 
avoided the huge combinatoric background in Au+Au collisions. We thought that the main 
purpose of open charm production, which corresponds to a hard-scale (m C c>3 GeV/c 2 ), would 
be a check of our centrality definition and (Taa) calculation since the total production of c quarks 
should follow point-like scaling. In fact, our first measurement supported this beautifully [7J. 
However, our subsequent measurements proved to be much more interesting and even more 
beautiful. Figure [3^ shows our direct-single-e^ measurement in p-p collisions at — 200 
GeV [8J in agreement with a QCD calculation of c and b quarks as the source of the direct- 
single-e^ (also called non-photonic e ± at RHIC). The total yield of direct-single-e^ for pt > 0.3 
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Figure 3. a),b) (left) Invariant cross section of direct e ± in p-p collisions [8J compared to 
theoretical predictions from c and b quark semileptonic decay, c) (right) Raa as a function 
of centrality (iV par t) for the total yield of e ± from charm (p? > 0.3) GeV/c, compared to the 
suppression of the e ± yield at large pt > 3.0 GeV/c which is comparable to that of 7r° with 
{p T > 4 GeV/c) [9] 



GeV/c was taken as the yield of c-quarks in p-p and Au+Au collisions |9]. The result, Raa = 1 
as a function of centrality (Fig. [3^), showed that the total c— (c) production followed point-like 
scaling, as expected. The big surprise came at large pt where we found that the yield of direct- 
single-e^ for pt > 3 GeV/c was suppressed nearly the same as the 7r° from light quark and gluon 
production. This strongly disfavors the QCD energy-loss explanation of jet-quenching because, 
naively, heavy quarks should radiate much less than light quarks and gluons in the medium; but 
opens up a whole range of new possibilities including string theory [10] . 

4. A History Lesson 

"Those who cannot remember the past are condemned to repeat it" , wrote George Santayna in 
1905. Incredibly, the history of the discovery of direct-single-e^ at the ISR by CCRS in 1974, 
which led to a spate of conflicting measurements by experiments not designed for the purpose, 
was repeated in 2005 at RHIC: STAR and PHENIX measurements of direct-e^ in p-p collisions 
disagreed pTj. I will not discuss this further except to insist that PHENIX was specifically 
designed for this measurement. However, I do think that it is worthwhile to review the history 
at the CERN-ISR where direct-single-e^ were discovered before the J or charm particles were 
known and presented at the ICHEP in London in July 1974 [T2] . 

The first interpretation of the CCRS discovery was by Farrar and Frautschi [13] who proposed 
that the direct-single-e^ were due to the internal conversion of direct photons with a ratio 
7/71- ~10-20%. CCRS was able to cleanly detect both external and internal conversions since 
there was zero magnetic field on the axis (Fig. [4]) and set limits excluding this explanation [5] . 

The first correct explanation of the CCRS direct-single-e^ (prompt leptons) was given by 
Hinchliffe and Llewellyn- Smith |14| as due to semi-leptonic decay of charm particles. Open 
charm was discussed at the 1975 Lepton-Photon conference at SLAC, the first major conference 
after the discovery of the J/^f and ^3/', and the paper submitted to Physical Review Letters 




Figure 4. CCRS [5j identified e + e pair which opens up in the magnet 

in June 1975, but was not published until August 1976 [16J. The CCRS data submitted 
to the SLAC conference [15] and the prediction from charm decay |14j are shown in Fig. [5j 
A similar explanation was offered by two experimentalists, Maruice Bourquin and Jean-Marc 
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Figure 5. a) (left) CCRS e/n in two spectrometer arms at two values of [E] b) (right) same 
data with prediction, see Ref. [Hj for details 

Gaillard [17], who compared the measured e/ir ratios to a cocktail of all known leptonic decays 
including "Possible contributions from the conjectured charm meson..." (Fig. [6]). The usage of 
"conjectured" charm is notable due to the delayed publication of reference [16]. Another notable 
point about both papers [HI [17] is that neither could fit the data points for pt < 1 GeV/c from 
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The inclusive production distributions of the non-leading particles in pp e 
fitted by a simple general formula. The contributions from the p°, cj, 0, and 
to the direct lepton spectra are calculated. Possible contributions from the se 
decay of the conjectured charmed meson are discussed. 

Figure 6. (left) Bourquin-Gaillard title page [T7J; (right) Contribution of a cocktail of decays 
to the e/n ratio. 

Volume 60B, number 5 PHYSICS LETTERS 16 February 1976 
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Inclusive electron and positron emission have been observed for 6 cm = 30° and s = 2800 GeV 2 at the CERN Inter- 
secting Storage Rings (ISR). Over the transverse momentum interval 0.2 GeV/c < pj < 1.5 GeV/c, electrons and po- 
sitrons, which are equal in number within the experimental accuracies, appear to grow with respect to other particles 
(pions) approximately like 1 jp j. We are unable to explain their number and p T -dependenee in terms of "conventional' 
mechanisms. 



Figure 7. One of the stars of 1976, measurement at 30° and 0.2 GeV/c < pt < 1.5 GeV/c 

the CHORMN measurement [18] (Fig. [7]). The important point here is that many experiments 
not designed for the purpose wanted to get into the prompt-lepton act and this is only one 
example. See Ref. [17] for more details. This led to the unfortunate situation as exemplified in 
Fig.[8]from a typical paper [19] about charm c. 1990 which didn't even give citations for the many 
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Figure 8. Predictions and measurement of Figure 9. Predictions and measurements [21] 
open charm cross section [19] of charm cross section a C c 



disagreeing ISR publications of the direct-single-e^ from charm which were essentially ridiculed 
or, in the case of the original CCRS discovery [15], ignored [20J because it was published before 
either charm or the J/\I/ were discovered so there is no reference to the word "charm" in the 
publication. A fairer comparison of the ISR and fixed target measurements |22| of open charm 
is given in Fig. M from the first measurement of direct-sing le-e ± at RHIC by PHENIX [21J. The 



2. A BRIEF HISTORY OF MEASUREMENTS 

The early years of open charm hadroproduction were limited by the 
capability of detectors in the face of difficult experimental conditions. 
Among the difficulties (still faced today) are (a) the small fractional 
charm production cross section (one cc pair event per 10 3 interactions, 
typically), (b) the high multiplicity of particles in the charm events, 
and (c) the small branching ratios to specific final states (typically 1- 
10%). As it turned out, many of the more reliable early measurements 
were indirect. Among these were the observations of prompt leptons 
resulting from the semileptonic decays of charm particles. Most of 
these early experiments had goals other than charm production and 
decay as their primary motivation. Nevertheless, leptons with inter- 
mediate transverse momentum have been interpreted to come from 
charm decay. Electrons and muons were observed at rates of 10 ~ 4 to 
10 -3 of the charged pion at fixed-target and collider energies. Muons 
and neutrinos were also measured in beam dump experiments. The 
physics results, charm cross sections times average branching ratios, 
were extrapolated from total observed lepton rates under varied ex- 
perimental conditions. These observed rates typically included much 
larger numbers of leptons from photon conversions or decays of par- 
ticles containing strange, not charm, quarks. 
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Figure 10. a) (left) Text and b) (right) figure from Jeff Appel's review article [22] . 



fixed target measurements, which like to claim the discovery of hadroproduction of charm, all 
used Silicon Vertex Detectors, which is the first tiny element (SMD), actually an upgrade, in an 
otherwise giant experiment (Fig. [lOfc). At least, Jeff Appel in his review article [22] (Fig. [TO^t) 
did acknowledge the much earlier prompt lepton results. 



4-1- Contemporary (c. 1977) controversies 

To be fair, the direct-single-e^ measurements as observations of semi-leptonic decays of open 
charm were not universally accepted by the experimental community in the late 1970's; and 
there were heavy hitters on both sides of the argument. First of all, after the discovery of the 
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Figure 11. a) (left) First J/* at ISR [23J; b) (center) Best da ee /dm ee dy\ y=0 [24J; c) (right) 
direct-e^ data at = 52.7 GeV (Fig. [I]) with calculated spectrum for J/\I/ for several 
values of (p^) [5]. 



J/\I/ in November 1974 and, in particular, with the near miss of this discovery at the CERN- 
ISR, there was concern that the J/\I/ — >> e + + e~ decay could be the source of the single e ± . 
Fortunately, OCRS quickly demonstrated that the J/\P was not the source of the single-e^ 
(Fig. |ll](. Fig. [llji [23] shows the first J/* at the ISR [23J, Fig. [TTJj shows the best J/* 



measurement at the ISR [21] while Fig. [TIfc [5] shows that the direct electrons (Fig. [TJ are not 
the result of J/* decay since (p T ) = 1.1 ± 0.05 GeV/c [23]. 

Sam Ting, in his Nobel Lecture [25] (Fig. [l2]) also noted that the J meson could not explain 
the prompt leptons and indicated that he actually delayed announcing the J discovery at Viki 
Weisskopf 's retirement ceremony in mid- October 1974 in order to investigate the prompt leptons 
in his AGS experiment. 

On the other side of this argument was Jim Cronin, another Nobel Laureate (but incorrect on 
this issue), who prominently claimed in his plenary talk at the 1977 Lepton Photon Symposium 
in Hamburg [26] that "The origin of direct single leptons is principally due to the production of 
lepton pairs" (Fig.[l3|). Also, as one can see from the discussion, a young (at the time) Associate 
Professor from the Rockefeller University vehemently disagreed with Cronin's explanation. In 
private, I also said, with evidence [27], that "people who try to measure prompt leptons become 
the world's experts on 77 Dalitz decay". 

5. Back to the "Heavy Quark Suppression Crisis" at RHIC 

The suppression of direct-single-e^ in Au+ Au collisions at RHIC (Fig. p| is even more dramatic 



as a function of pr^5 GeV/c (Fig 14a.) which indicates suppression of heavy quarks as large 
as that for tt° (from light quarks and gluons) in the region where the m>4 GeV 6-quarks 
dominate. Figure [14)3 shows that heavy quarks exhibit collective flow (1*2)5 another indication 
of a very strong interaction with the medium. This observation calls into question the QCD 
radiative energy-loss explanation of jet-quenching [28J because, naively, heavy quarks should 
radiate much less than light quarks and gluons in the medium. This issue has attracted much 
theoretical attention [29] . 



V. I was considering announcing our results during the retirement ceremony 
for V. F. Weisskopf, who had helped us a great deal during the course of 
many of our experiments. This ceremony was to be held on 17 and 18 October 
1974. I postponed the announcement, for two reasons. First, there were 
speculations on high mass e + epair production from proton-proton collisions 
as coming from a two-step process : p+N->7r+... , where the pion undergoes 
a second collision ^+N->e++e^+ This could be checked by a measure- 
ment based on target thickness. The yield from a two-step process would 
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increase quadratically with target thickness, whereas for a one-step process 
the yield increases linearly. This was quickly done, as described in point (iv) 
above. 

Most important, we realized that there were earlier Brookhaven measure- 
ments [24] of direct production of muons and pions in nucleon-nucleon 
collisions which gave the/*/* ratio as 1Q 4 , a mysterious ratio that seemed 
not to change from 2000 GeV at the ISR down to 30 GeV. This value was an 
order of magnitude larger than theoretically expected in terms of the three 
known vector mesons, p, ^,9, which at that time were the only possible 
"intermediaries" between the strong and electromagnetic interactions. We 
then added the J meson to the three and found that the linear combination of 
the four vector mesons could not explain the frjn~ ratio either. This I took 
as an indication that something exciting might be just around the corner, so 
I decided that we should make a direct measurement of this number. Since 
we could not measure the n\n ratio with our spectrometer, we decided to 
look into the possibility of investigating the e"/x" ratio. 

We began various test runs to understand the problems involved in doing 
thee/Tr experiment. The most important tests were runs of different e - momenta 
as a function of incident proton intensities to check the single-arm backgrounds 
and the data-recording capability of the computer. 

On Thursday, 7 November, we made a major change in the spectrometer 
(see Fig. 13) to start the new experiment to search for more particles. We 
began by measuring the mysterious zjn ourselves. We changed the electronic 
logic and the target, and reduced the incident proton beam intensity by 
almost two orders of magnitude. To identify the e'background due to the 
decay of tt q mesons, we inserted thin aluminium converters in front of the 
spectrometer to increase the y->e+ + e- conversion. This, together with the C B 
counter which measures the ?r-»y+e + +e- directly, enabled us to control the 
major e'background contribution. 

Figure 12. Excerpt from Ting Nobel Lecture [25] 
5.1. Zichichi to the rescue? 

In September 2007, I read an article by Nino Zichichi, "Yukawa's gold mine", in the CERN 
Courier taken from his talk at the 2007 International Nuclear Physics meeting in Tokyo, Japan, 
in which he proposed: "We know that confinement produces masses of the order of a giga-electron- 
volt. Therefore, according to our present understanding, the QCD colourless condition cannot 
explain the heavy quark mass. However, since the origin of the quark masses is still not known, 
it cannot be excluded that in a QCD coloured world, the six quarks are all nearly massless and 
that the colourless condition is 'flavour' dependent." 



HADKON INDUCED LEPTONS AND PHOTONS 
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ABSTRACT 

A review of direct production of leptons and photons in hadron-hadron 
collisions Is presented. Production of lepton pairs with large mass is well 
accounted for by the Drell-Yan process* The origin of direct single leptons 
is principally due to the production of lepton pairs, A dominant source of 
lepton pairs is at low effective mass, m < 600 MeV/c. 

III. SINGLE LEPTON PRODUCTION 

Since 1974 direct single lepton production has been the subject of * 
intensive experimental investigation. The important qualitative observation 
has been that direct electron or muon production for pi > 1 GeV/c and large 
cm. angle is approximately 10"* of pion production. We shall argue that a 
very large fraction of the observed single muons have their source as one 
member of $ lepton pair. These sources are best studied in experiments in 
which both members of the pair can be observed, or if a neutrino accompanies 
the lepton* that the neutrino is detected indirectly through an absence of 
total energy balance. We believe that in the future, experiments which 
observe only a single lepton are going to yield little new information. We 
have come to understand the single lepton problem only through the study of 
lepton pairs. 

V. CONCLUSIONS 

1. The Drell-Yan mechanism provides a qualitative and nearly quanti- 
tative description for lepton pair production with mass > 4 GeV/c 2 . 

2. Direct single lepton production 1s consistent with a source which 
is lepton pair production. An important ingredient 1n this discussion is 
the existence of a significant low mass dilepton continuum which is an order 
of magnitude larger than expected from the Drell-Yan process, 

3. A dedicated experiment will be required to establish definitively 
a significant direct photon yield induced by hadrons. 



J„W. Cranio : While technically it is true that 
the measurements of the CP (II) group do not correspond 
to th* kinematic region observed in the OCRS expert- 
meaxt (Ref. 24), we do have some experience with con- 
tinuity. The extrapolation of the CP (II) group was 
baaed on a constant cross section in rapidity between 
x- 0.15 and x_ - o. I insist on my nain point, how- 
ever , that in fact we learn little from the single 
lepton measurements alone. To "prove" that pairs ex- 
plain the OCRS signal, pair measurements will have to 
be made at x^, ^ o. 

Figure 13. Excerpt from Cronin talk and discussion at Lepton-Photon 1977 [26] 



M.J. Tannenbaum, Rockefeller University? With 
reference to explaining IS& single electrons from 
Ferndlab data at Xp > .15: First of all, the CCRS 
experiment made a great effort to eliminate low 
mass electron pairs (M < O.SO :Ge7/c ) but allowed 
a continuum of do/dm lfm or flatter to explain all 
the single electrons observed; secondly, the crucial - 
parameters in the lepton pair cross section relevant 
to explaining the ISR(CCfiS) single electrons are the. 
width of the rapidity plateau and d a/ Andy | , the 
value of the cross section on the plateau. 7 The 
Fermi Lab ■easurements at x_.> .15 do not- -.give- these - 
values and thus are irrelevant in trying to explain 
the ISR data, thus, while it might seep reasonable 
that the dilepton continuum could explain all of the 
single electron signal, it 'is by no means proved. 



Nino's idea really excited me even though, or perhaps because, it appeared to overturn two 
of the major tenets of the Standard Model since it seemed to imply that: QCD isn't flavor 
blind; the masses of quarks aren't given by the Higgs mechanism. Massless b and c quarks in a 
color-charged medium would be the simplest way to explain the apparent equality of gluon, light 
quark and heavy quark suppression indicated by the equality of Raa for tt° and direct single-e^ 
in regions where both c and b quarks dominate. Furthermore RHIC and LHC-Ions are the only 
place in the Universe to test this idea. 

It may seem surprising that I would be so quick to take Nino's idea so seriously. This 
confidence dates from my graduate student days when I checked the proceedings of the 12th 
ICHEP in Dubna, Russia in 1964 to see how my thesis results were reported [30J and I found 
several interesting questions and comments by an "A. Zichichi" printed in the proceedings 
(Fig. 15). One comment about how to find the W boson in p+p collisions [31] deserves a verbatim 
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Figure 14. a) (left) Raa (central Au+Au) b) (right) V2 (minimum bias Au+Au) as a function 
of pt for direct-e^ at y/sjfif = 200 GeV 0. 



quote because it was exactly how the W was discovered at CERN 19 years later [32, 33J: "We 
would observe the /x's from W-decays. By measuring the angular and momentum distribution 
at large angles of K and 7r's, we can predict the corresponding /x-spectrum. We then see if the 
fi^s found at large angles agree with or exceed the expected numbers." 
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We have studied the elastic scattering 
of negative muons from liquid hydrogen at mo- 
mentum transfers of 550 MeV/c to 1050 MeV/c 
(q* =. 7 to 26 fermi -2 }, using a detecting array 
of spark chambers and scintillation counters. 
The experiment was performed at the AGS acce- 
lerator of the Brookhaven National Laboratory, 
and the runs were divided into three stages, 
as shown below: 



of the proton in an aluminum plate spark cham- 
ber. One also measures the directions of the 
recoil proton and the recoil muon. This is' 
equivalent to measuring three independent 
angles, from which one can infer for each event 
the value of k, and still overdetermine the scat- 
tering event by two degrees of freedom. This 
redundancy is used to select true scattering 
events from the background of false events, 
such as random coincidences, inelastic, \i — p 
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DISCUSSION 



It appears that, within the uncertainties 
of these preliminary results, the muon scatte- A. Zichichi. 

ring cross section for momentum transfers I would like to ask Dr. Tinlot what is the accuracy 
of up to 1 Gev/c is correctly described by the of the measured cross section at 1 GeVJc momentum 
Rosenbluth formula and thee— p form factors, transfer. 
It is still too early to attempt a more quanti- 
tative definition of the po: 

the electron predictions. in the point Vabout 15%." 



Dint (statistic, 



A. Zichichi 

In connection with the problem of observing the 
production of intermediate bosons, I would like to 
mention that we have been studying at CERM two 
schemes: 

1) p + p-^w+ + W~ 

L_-e- + 

1 ->u+ + 

This process is described by the following Feynman 

p/ SlT- 
Notice that this process is proportional to a 3 where 
a is the electromagnetic coupling constant. 

2) The second proposal studied would use the 
internal target of the proton synchrotron with 10 12 
protons per pulse incident onto the target. The pro- 
cess would bep+^^-^If7 ± + anything. We wo- 
uld observe the (*'s from W-decays. By measuring the 



DISCUSSION angular and momentum distribution at large angles 
of K and it's, we can predict the corresponding u.- 
spectrum. We then see if the u.'s found at large angles ■ 
agree with or exceed the expected number. A sup- 
plementary check can be made by measuring the 
polarization of these fx's. The polarization indicates 
the origin of these u.'s. Notice that the cross section 
for this process goes with ~]/g, where g is the f>-decay 
coupling constant. 



I would like to use the fact that you are all tired 
in order to make a remark of linguistic rather than 
sicentific character. All the speakers used as nota- 
tions for neutral leptons the letters v e and v^. This 
seems to be a very convenient notation. On the other 
hand, the terms which are usually used for neutral 
leptons-electron and muon neutrinos (and even «eie- 
ctron and muon type of neutrino!*), are too cumber- 
some. True, sometimes for v e the word «neutrino» 
is used and for v^, the word «neutretto». The last 
term, however, is not very satisfactory since the last 
thirty years lost of particle including strong inte- 
racting particles had been called that way. In addi- 
tion, it seems to me that both types of neutral lep- 
tons should conserve in their «namei the root <meu- 
trino», which Is widely associated with the unique 
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Figure 15. a) (left) Zichichi ICHEP 1964 [301 EE] and b) (right) W [3U 



Nino's idea seems much more reasonable to me than the string theory explanations of heavy- 
quark suppression (especially since they can't explain light-quark suppression). Nevertheless, 
just to be safe, I asked some distinguished theorists what they thought, with these results: 

• Stan Brodsky: "Oh, you mean the Higgs field can't penetrate the QGP." 

• Rob Pisarski: "You mean that the propagation of heavy and light quarks through the 
medium is the same." 

• Chris Quigg (Moriond 2008): "The Higgs coupling to vector bosons 7, W, Z is specified in 
the standard model and is a fundamental issue. One big question to be answered by the 
LHC is whether the Higgs gives mass to fermions or only to gauge bosons. The Yukawa 
couplings to fermions are put in by hand and are not required." "What sets fermion masses, 
mixings?" 



Bill Marciano:"No change in the t-quark, W, Higgs mass relationship (Fig. 16) if there is 
no Yukawa coupling: but there could be other changes." 




Figure 16. Limits on Higgs mass from Tevatron and LEP, Summer 2009 [35] 



Nino proposed to test his idea by shooting a proton beam through a QGP formed in a Pb+Pb 
collision at the LHC and seeing the proton 'dissolved' by the QGP. My idea is to use the new 
PHENIX Silicon VTX detector, to be installed in 2010, to map out, on an event-by-event basis, 
the di-hadron correlations from identified b — b di-jets, identified c — c di-jets, which do not 
originate from the vertex, and light quark and gluon di-jets, which originate from the vertex and 
can be measured with 7r°-hadron correlations. A steepening of the slope of the xe distribution 
of heavy-quark correlations as in 7r°-hadron correlations [36] will confirm in detail (or falsify) 
whether the different flavors of quarks behave as if they have the same energy loss (hence mass) 
in a color-charged medium. If Nino's proposed effect is true, that the masses of fermions are not 
given by the Higgs particle, and we can confirm the effect at RHIC or LHC-Ions, this would be 
a case where we Relativistic Heavy Ion Physicists may have something unique to contribute at 
the most fundamental level to the Standard Model, which would constitute a "transformational 
discovery." Of course the LHC could falsify this idea by finding the Higgs decay to b — b at the 
expected rate in p-p collisions. Clearly, there are exciting years ahead of us! 
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